Experimental details
2,3,6,7,10,11-Hexabromotriphenylene (HBTP) was purchased from TCI Europe N.V. with a purity of >98%. 1-Heptanoic acid (7A) was purchased from Sigma-Aldrich with a purity of ≥99%. Both compounds were used as received without further purification.
STM experiments
Scanning Tunneling Microscopy (STM) experiments were conducted with a home-built lowdrift instrument operated with a commercial ASC500 control electronics (attocube Systems AG, translational entropy the average value of 28.8 µmol was used, and in the manuscript an error margin of ± 3.7 µmol/L was stated.
Sublimation enthalpy measurement
The sublimation enthalpy H crystvac was derived from the temperature dependence Hoff plot is also perfectly linear, thereby confirming the validity of the chosen approach.
Dissolution enthalpy measurement
The dissolution enthalpy H crystsol was derived from the temperature dependence of the HBTP 
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Entropy estimation
The total entropy change S of monolayer self-assembly is partitioned into translational, rotational, vibrational, and conformational entropy as proposed by Whitesides et al., 2 and as similarly applied in previous studies. 3, 4 Since HBTP is a rigid molecule without rotatable bonds, conformational entropy is not further considered. Also vibrational entropy does not significantly change upon supramolecular self-assembly, and can hence similarly be neglected. The dominant contributions to S arise from changes in translational entropy S trans and rotational entropy 
Translational entropy
Translational entropy was evaluated by the Sackur-Tetrode equation:
(1) 
Rotational entropy
Rotational entropy was estimated using the rigid rotator model: 
Calculational Details
Initially, a free standing HBTP monolayer was simulated and optimized with the Quantum ESPRESSO program, 5 using two density functional theory (DFT) based approaches: (I) a GGA-PBE functional 6 with an empirical dispersion correction (D2) proposed by Grimme (PBE+D), 7 and (II) a van der Waals density functional (vdW-DF). 8 All DFT calculations were conducted with periodic boundary conditions. The accuracy of DFT derived energies for halogen bonds was first tested against higher level calculations: the PBE+D binding energy of a Br···N halogen bond in a pyridine-bromobenzene dimer (-11.4 kJ/mol) was very similar to the value obtained using MP2 (-8.9 kJ/mol) and to a published CCSD(T) value (-9.1 kJ/mol). 9 The structure was constrained to a hexagonal lattice, but no further symmetry constraints were applied. The 
